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Abstract. At present it is impossible to simulate flows of non-Newtonian fluids complicated by 
compressibility, diffusion and mass transfer with sufficient accuracy for equipment designing on the basis of known 
methods of expression calculation. An engineering method of calculation of press variables based only on information 
of material viscosity during expression and geometry of screw flights has been developed. An adequate mathematical 
model upon extrusion of oil crops is based on up-to-date mathematical analysis of expression of plastically deformed 
porous medium saturated with oil via pressing cage which is a part of screw body. Press variables can be approximated 
by properties of viscous plastic material upon pressing by solving inverse problems of comparison of experimental and 
simulation data. 
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Introduction. Oil filtration via plastically deformed porous mixture and oil expression out of extruder channel 
via pressing cage lead to radial pressure drop in oil. Mathematical models of filtration [23] upon plastic motion of 
porous media in technological processes [18] are of significant theoretical [15] and practical value. Existing specialized 
applications do not permit to simulate flow of non-Newtonian fluids [9] complicated by compressibility, diffusion [20] 
and mass transfer [24] with sufficient accuracy for equipment designing [19]. This work is aimed at development of 
adequate mathematical model upon extrusion of oil crops on the basis of up-to-date mathematical methods of 
calculation [8] and analysis of expression of plastically deformed porous medium saturated with oil via pressing cage 
which is a part of screw body [11]. 
Methods 
Press variables can be approximated by properties of viscous plastic material [22] upon pressing by solving 
inverse problems of comparison of experimental data [21] and simulation. 
(1) 
Taking into account that the width of pressure flight channel is significantly higher than its height, we do not 
consider in the first approximation the influence of side walls of trapezoid channel, thus, it is possible to rewrite Eq. (1) 
as differential equation in terms of total derivatives: 
(2) 
Similar differential equation (2) of the second order describing variation of flow rate over height of matrix 
channel can be solved on the basis of two initial or boundary conditions determined by selection of coordinates. The 
Cartesian coordinate system (the X axis along the channel width (bm), the Y axis along the channel height (hm), the Z 
axis along the channel length (lm)) is applied. The coordinate origin is set at the middle of channel base cross section. 
Then the boundary conditions of differential equation of the second order are as follows: 
(3) 
Equation (1) is solved on the basis of the Laplace transform [10] permitting to transform the differential 
equation (original) to its algebraic analog (image). In this case the solution of algebraic equation will correspond to the 
solution of differential equation. Using the direct Laplace transform, we rewrite Eq. (2) as follows: 
(4) 
Solving the obtained Eq. (4) with regard to the image of the required function L(sL), we obtain the required 












The integration constants V0 and dV0 are determined on the basis of adhesion conditions of viscous fluid to solid 









While solving Eq. (7) it is established that V0 = 0, and dV0 is determined as follows: 
(8) 
The equation of velocity for laminar flow of non-compressible Newtonian fluid in a gap between two flat 
parallel walls [17] with accounting for Eq. (8) is as follows: 
(9) 
Knowing the velocity distribution over the gap cross section between two parallel walls, it is possible to 




In the first approximation the specific fluid flow rate in the matrix with the width bm, the height hm and the length 
lm can be presented as follows: 
(11) 
Equation (11) is a linear function of pressure drop on matrix and coefficient of geometry of former block 
. In order to estimate the coefficient of geometry of former block of the considered press [12], let us 
calculate the capacity of its outlet. Aiming at analytical construction of extruder property, it is required to solve a set of 
head-capacity equations of the former block (11) and injector. However, it is necessary to take into account that only a 











where    is the coefficient of geometry of former block, ml;    is the coefficient of geometry of injector direct 
flow, l; is the coefficient of geometry of injector counter  flow,  ml.  Functional  dependence  of  viscosity  is  




In order to generalize data on viscosity variations, let us consider the ranges of applicability of Eq. (14). It is 
obvious that this equation describes adequately the viscosity variations in the limits of its identification: 
(15) 
Beyond the ranges (15) the equation can possess interpolation properties in the ranges of oil content from 0.224 
to 1.0 since the oil viscosity is known (f = 1.0) [1, 2, 14]. Hence, the interpolation is based on the consideration of the 









Solution of this equation determines the point of inflexion from Eq. (14) to linear interpolation of oil viscosity 


























Results and Discussion 
Taking into account the aforementioned, data array was generated for plotting of functional spline- 















The calculation results of this block (18) are presented in the form of surface diagram (Fig. 1) with the viscosity 


























Fig. 1. Viscosity as a function of oil content and rotation velocity. 
 






The  obtained  dependence  (19) of viscosity makes it possible to analyze the expression on flights. 
Contrary to a conventional screw, in this case the flights 1…7 are equipped with molder, thus facilitating oil expression 
on flight out of transported material. This process is related with variations of oil flow and pressure along 
the flight length   . Since the flight geometry remains the same along    , these variations are described by the    





















































where is the viscosity of oil released from pressing cage determined by the equation. In order to 
determine rheological properties of material in the equation, lets us consider the pressing kinetics on flight. Solution of 





































At the end of the seventh flight the molder  is terminated, hence, the flow equals to zero 





















The pressure along the length of the seventh flight PM7 in this case is as follows: 










   (30) 
 
The pressure in this point is determined as follows: 
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Therefore, Eq. (34) determines the lower limit of solutions of the expression equations (20) with regard to 
pressure. At the same time   can be determined by experimental data, if to convert weight capacity into volumetric   
flow rate of press with accounting for material density ρ(f) as a function of its oil content (f): 
(35) 












with consideration for viscosity of oil material. The major concept is based on pressure drop as a function of 
viscosity and the absence of such dependence for material flow. In this case variation of oil content on the flight (x) is 
determined by solution of the equation: 
(38) 
where j = 1,…,7 is the number of pressing cage flight. Equation (38) permits to calculate variation of oil content on 
flights starting from the first flight on the basis of initial oil content of seeds. In fact, in this case the forward algorithm 
is applied. The program module makes it possible to perform consecutive calculations for all press flights starting from 

















Similarly, the backward algorithm is applied on the basis of residual oil content of cake as initial value. In this 
case variation of oil content on the flight (x) is determined as follows: 
(40) 
The program module makes it possible to perform consecutive calculations for all press flights starting from the 




























A drawback of these calculations is the necessity to preset initial values of oil content. However, if coincidence 
of calculations for flights is required, this constraint can be eliminated by introducing the following objective function: 
(42) 
In this case minimization of Eq. (42) makes it possible to determine not only oil content at inlet and outlet but 
also distribution of flows upon pressing. 
Conclusion. Therefore, on the basis of Eqs. (36), (37) it is possible to determine variation of oil content on 
screw flights. On the basis of these variations using Eq. (38) we determine by forward algorithm the variations of oil 
content, pressure and material consumption on flights and verify the obtained values by backward algorithm using 
difference scheme (40) by means of resolvers (39) and (41), respectively. Therefore, we developed an engineering 
method of calculation of press variables based only on information of material viscosity during expression and 
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